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REMARKS 

Claims 1-25, as amended, remain herein. Claims 1 and 14 have been amended. 
Claims 4, 9, 16 and 19 have been canceled without prejudice or disclaimer. Support for tlie 
amendments and the new claims may be found throughout the specification. See, e g,, page 
38, line 24 - page 39, line 4; page 26, lines 21-26 of the specification and the original claims. 

1 . The specification has been amended thereby mooting the objections thereto. 

2. Claim 19 has been canceled thereby mooting the objection thereto, 

3. Claims 1-25 were rejected under 35 U.S.C. § 1 12, first paragraph, for alleged 
lack of enablement. 

The standard for determining whether a patent specification meets the enablement 
requirement is whether the experimentation needed to practice the invention is undue or 
unreasonable. See Mineral Separation v. Hyde, 242 U.S. 261, 270 (1916); In re Wands, 858 
F.2d 731, 737 (Fed, Cir. 1988); MPEP 2164.01. The feet that experimentation may be 
complex does not necessarily make it undue, if the art typically engages in such 
experimentation. See In re Wands, 858 F.2d at 737; In re Angstadi, 537 F.2d 498. 504 
(C.C.P.A. 1976); IV^PEP 2164.01, 

Here, applicants claim specific valence electron level, conduction level, and/or energy 
gap relationships between the light-emitting-layer material, the first dopant, and the second 
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dopant. These relationships allow the first dopant and/or the second dopant to capture the 
holes injected into the light-emitting-layer material (see, e.g,, page 11, line 20 to page 12, 
line 25 of the specification). This achieves an organic electroluminescence element having a 
high luminance, high efficiency, and a long durability. 

The results described above can be achieved with different compounds having 
different chemical :5tructures as long as the compounds satisfy the claimed valence electron 
levels conduction Icjvel, and/or energy gap relationships. A person of ordinary skill in the :^iit 
can measure, without undue experimentation, the valence electron levels, conduction levels, 
and energy gaps of various dopants and light-emitting-layer materials, and select, based on 
these measurements, select which compounds to use. . 

The Office Action alleges that there is uncertainty in the values, making it nearly 
impossible for an individual of ordinary skill in the art to make the full scope of the 
invention. The Office Action cites alleged discrepancies between EV values in applicants' 
specification and Sato (IEEE Journal of Selected Topics in Quantum Electronics, voh 4, no. 
1, pp. 40-48) and Adamovich et al. (New Journal of Chemistry, vol. 26, pp. 1171-78), even 
though the parties allegedly measured the same materials with the same instrument. The 
Office Action also alleged that applicants' specification does not disclose factors that affect 
measurements taken, which factors are allegedly disclosed in Laqua et al. (Pure and Applied 
Chemistry, vol. 60, pp/ 1449-1460). The Office Action alleged that varying these factors 
results in discrepancies between EG values in applicants' disclosure and Sato and 
Adamovich et al. 
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Values for the valence electron level, conduction level, and/or energy gap may vary 
slightly depending on the measuring technique used. The Office Action has not established 
that the alleged discrepancies were not caused by variations in technique. Rather, the Office 
Action assumes that the measurements differ simply because the experimenter is different. 
There is no suppori: for this assumption. 

The allegation in the Office Action that applicants disclose only a few examples of 
potential materials suitable for the light-emitting layer material and the dopant materials, 
(Office Action, p. 3), also fails to establish that undue experimentation would be required. 
The Federal Circuit has stated eight factors to consider in determining whether a disclosure is 
enabling. In re Wands, 858 F.2d 73 1. "It is improper to conclude that a disclosure is not 
enabling based on jm analysis of only one of the above factors while ignoring one or more of 
the others. The ex2iminer's analysis must consider all the evidence related to each of these 
fectors, and any conclusion of nonenablement must be based on the evidence as a whole." 
See MPEP § 2164.01(a), ciiing In re Wands, 858 F.2d at 737, 740. 

The Office Action violates Wands by basing its conclusion of undue experimentation 
on just one factor, the number of working examples. This is an insufficient ground for 
rejection under 35 U.S-C. § 1 12, first paragraph, for lack of enablement. The presence of 
working examples weights against any conclusion that applicants' disclosure is not enabling. 
One of ordinary skill in the art would have known how to do what applicants* disclosure 
teaches. Additionally, Laqua shows the substantial number of variables involved in taking, 
measurements such as those applicants describe. And, Laqua confirms that the level of 
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ordinary skill was {iufficiently high that one skilled in the art would have had no undue 
difficulty in taking these types of measurements. The evidence in this record related to the 
Wands factors must be considered. Consideration of applicants' specification in light of tliat 
evidence demonstrates that applicants' specification provides adequate guidance for 
measuring the valence electron levels, conduction levels^ and energy gaps (see, e.g., page 38, 
line 24 to page 39, line 6 of the specification). Applicants respectfully request 
reconsideration and withdrawal of this rejection. 

4. Claims 1, 4-7, 10-11, 14, 16-19, and 22-23 were rejected under 35 U.S C. § 
. 1 02(b) over Hatwair U.S. Patent 6.475,648, with evidence allegedly suppUed by Shi ei al. 
(Applied Physics Letters, vol. 80, no. 17). 

Claim 1, as amended, claims an organic electroluminescence element including a light- 
emitting-Iayer mat€:rial, a first dopant and a second dopant that satisfy the following relations: 

(A) EVO > EVl and EVO > EV2 

(B) EC0>EC2 

(C) EGO > EGl > 2.6 eV and EGO > E02 > 2.6 eV, wherein the valence electron levels 
are measured with a photoeJectron spectroscopic instrument in air and the energy gaps are 
measured based on an absorption spectrum with a ultraviolet-visible spectrophotometer. 

Claim 14, as amended, claims an organic electroluminescence element including a light- 
emitting-layer maudal, a first dopant and a second dopant that satisfy the following relations: 
(AO EVO > EVl and EVO > EV2 
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(B') ECO > ECl and ECO > EC2, wherein the valence electron levels are measured witli 
a photoelectron sp«Jctroscopic instrument in air and the energy gaps are measured based on an 
absorption spectrum wth a ultraviolet-visible spectrophotometer. 

The Office Action alleges that Hatwar discloses an electroluminescence element 0\DN). 
including a light-emitting layer material and first dopant (DCJT-B) and second dopant (NPB) of 
formulas shown in page 7 of the Office Action, and EV, EC, and EG values for the first and 
second dopant. The OfEce Action admits that Hatwar does not disclose EV, EC, or EG values 
for ADN and thus imports tliese numbers from Shi et al. Federal Circuit has stated repeatedly 
that, in order to demonstrate anticipation, "the four corners of a single, prior art document [musi] 
describe every element of the claimed invention." See Xerox Corp. v. 3Com Corp., 458 F.3d 
1310, 1322 (Fed. Cir. 2006). Here, Hatwar admittedly does not disclose every element of the 
claimed invention, and thus is not an appropriate basis for an anticipation rejection under 35 
U.S.C. § 102(b). Reconsideration and withdrawal of this rejection are respectfully requested. 

5. Claims 1, 2, 4-11, 13-14, 16-23 and 25 were rejected under 35 U.S.C. § 102(b) 
over Sakai Published Patent Application 2002/0136922 (Sakai '922) with evidence allegedly 
supplied by Sakai U.S. Patent 6,224,966 (Sakai ^966) and Hosokawa U.S. Patent 7,087,322 
("Hosokawa '322"). The Office Action alleges that Sakai' 922 discloses a light-emitting layer 
material (bisanthraciene compound 6-1), a first dopant (DPVDPAN), and a second dopant 
(DMPAVB). However, the Office Action admits that Sakai *922 does not disclose EV, EC, or 
EG values for these compounds and thus imports this information from Sakai '966, Hosokawa 
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'322, and even applicants' own specification. As explained above, anticipation requires that 
each element of applicants' claims be disclosed in a single reference. The Office Action, lo the 
contrary, attempted to combine four different documents (including applicants' own 
specification) as the basis for the rejection under 35 U.S.C. § 102(b) over Sakai *922. Sakai *922 
is no basis for an anticipation rejection. Reconsideration and withdrawal of this rejection lU'e 
considered. 

6. Claims 1,3-7, 9-10, 13']9, 21-23 and 25 were rejected under 35 U.S.C. § 102(b) 
over Fulcuoka PCX Pub. No. WO 2001/481 16, based on English language equivalent U.S. Patent 
6,803,120, with evidence allegedly supplied by Hosokawa et al. (Applied Physics Letters, vol. 
67, no, 26, pp. 3853-55) ("Hosokawa APL") and Rost et al. (Synthetic Metals, vol. 146, pp. 237- 
41). 

Again, the Office Action relies on multiple references as the basis for rejecting 
applicants' claims Jis being anticipated, even though every element must be disclosed by a single 
document. Fukuoka is not an appropriate basis for rejection under 35 U.S.C. § 102(b). Also, thi; 
Office Action admits that EGl = 2.08, thus relation (C) in claim 1 is not met. The Office Action 
also admits that ECO (2.8) is not greater than ECl (2.9), thus relations (B') in claim 14 is not 
met. Reconsideration and withdrawal of this rejection is respectfully requested. 

7. Claims 8, 1 1, 12, 20, 23 and 24 were rejected under 35 U.S.C. § 103(a) over 
Fukuoka based on English language equivalent U S. Patent 6,803,120, with evidence allegedly 

I 
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supplied by Hosokawa et al. (Applied Physios Letters, vol. 67, no. 26, pp. 3853-55) and Rost el 
al. (Synthetic MetsJs, vol. 146, pp. 237-41), and further in view of Sakai U.S. Patent 6,214,481 
("Sakai '4Sry 

Fukuoka is distinguished above, and the Office Action does not allege that Sakai '481 
discloses or sugges.ts applicants' claimed light-emitting layer material, first dopant, and second 
dopant. Thus, neitllier Fukuoka nor Sakai '48 1 , nor anything else in the record, discloses all 
elements of applicants' claimed invention, and these references do not disclose anything that 
vvould have suggested applicants' claimed invention to one of ordinary skill in the art, Fuirther, 
there is no disclosure or teaching in either Fukuoka or Sakai '48 1 , or othenvise in this record, • 
that would have suggested the desirability of combining any portions thereof effectively to 
anticipate or suggeist applicants' presently claimed invention. For all the foregoing reasons, 
applicants respectfiiUy request reconsideration and withdrawal of this rejection and allowance oi' 
all claims 8,11,12, 20, 23 and 24. 

8. Claims 1-25 were rejected under 35 U.S.C § 103(a) over Sakai '966 in view of 
Hosokawa U,S. Patent 5,536,949 ("Hosokawa *949"). 

Claim 1, as amended, claims an organic electroluminescence element including a light- 
emitting-layer material, a first dopant and a second dopant that satisfy the following relations: 

(A) EVO > liVl and EVO > EV2 

(B) EC0>EC2 

(C) EGO > EGl > 2.6 eV and EGO > EG2 > 2.6 eV. 
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Claim 14, as amended, claims an organic electroluminescence element including a light- 
emitting>layer mat^srial, a first dopant and a second dopant that satisfy the following relations: 
(A') EVO > EVl and EVO > EV2 
(B') ECO > ECl and ECO > EC2. 

The Office Action admits that Sakai '966 fails to disclose any example of an organic 
electroluminescent element having a light-emitting layer material and two dopants. (Office 
Action, page 16; Sakai' '966, Example 1, col. 48, line 40 - col. 49, line 40.) Likewise, 
Hosokawa di$closes using only one dopant, yAAch can include a charge injection auxiliary 
material and functions as a fluorescent substance. (Hosokawa, col. 27, lines 49-5 1 .) Thus, 
neither Sakai '966 ]ior Hosokawa nor anything else in this record discloses an organic 
electroluminescent element including a light-emitting layer material and two dopants. And. thece 
is no suggestion that one of ordinary skill in the art would be motivated by Hosokawa to niodif) 
the single-dopant eitample of Sakai '966 by adding another dopant because Hosokawa itself 
discloses using only o ne dopant . Thus, there is no discloswe or teaching in either Sakai '966 or 
Hosokawa or anything else in this record that would have suggested the desirability of 
combining any portions thereof effectively to anticipate or suggest applicants' presently claimed 
invention. Accordingly, reconsideration and withdrawal of this rejection are respectfully 
requested. 

Additionally, the Office Action relies on EV, EC, and EG values taken from applicants' 
SEgcification because they are allegedly "similar"' to the substances described in Sakai '966 and 
Hosokawa. Applicfmts* specification is not prior art and thus is an improper basis for a rejection 
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under 35 U,S.C, § 103(a). Further, the values in applicants* specification are admittedly only 
estimates. Reported values of EV, EC, and EG for DPAVBi are stated in Yang et al. (J. Applied 
Physics, vol. 100 al 0831 1) (Appendix A), submitted herewith. For DPAVBi, Yang discloses tlie 
following values: EV\,EV2 = 5.9; ECl, EC2 = 2.8; EGl, EG2 ^3,1, Using these values, none 
of relations (A)-(C) of claim 1 or relations (A*)-(B') of claim 14 is satisfied. Fortius additional 
reason, applicants respectfully request reconsideration and withdrawal of this rejection. 

9. Clainis 1-7, 9-19 and 21-25 were rejected under 35 U.S.C. § 103(a) over Kobori 
U.S. Patent 6,285,039. 

Claims 1 and 14, as amended, each claims first and second dopants each comprising 20 
wt% or less of the total weight of the light-emitting layer. However, Kobori discloses that its 
hole transporting layer (allegedly corresponding to applicants* component 2), is a "host 
material." (Office Action, p. 19.) A person of ordinary skill in the art would not consider a 
"host material" to comprise 20 wt% or less of the light-emitting layer. Also, Kobori Example 1 1 
discloses that tlie electron transporting layer, the hole transporting layer (allegedly applicajits' 
first dopant), and dopant (allegedly applicants' second dopant) are provided in films havin.g 
thicknesses in a ratio of 50:50:1.5. Thus, the vnVo of Kobori^s hole transporting layer is 
unquestionably greater than 20 wt%. 

When the contents of dopants are larger, as allegedly disclosed in Kobori, contacting 
between the dopants causes quenching, which is deleterious to the durability of the EL device. 
(Specification, p. 14, lines 1-8.) Thus, one of ordinary skill in the art would not consider 



18 

PAGE 18/24'RCVDAT2/12/20(I95:15:49PM [Eastern Standard 



02/12/.2009 17:13 FAI 



STEPTOE JOHNSON 



i]019 



Serial No.: 10/533,311 

Attorney's Docket No.: 28955.1050 

Kobori's hole trani;poiting layer to be analogous to applicants' first dopant, and even if it were so 
considered, the disclosed weight % is much too great. Thus, Kobori does not disclose all 
elements of applicjints' claimed invention. Furthermore, Kobori discloses nothing that would 
have suggested applicants' claimed invention to one of ordinary skill in the art. There is no 
disclosure or teaching in Kobori, or otherwise in this record, that would have suggested the 
desirability of modifying any portions thereof effectively to anticipate or suggest applicants' 
presently claimed invention. Accordingly, reconsideration and withdrawal of this rejection are 
respectfully requested 

10, Claims 8 and 20 were rejected under 35 U.S.C. § .103(a) over Kobori and fmther 
in view of Hosokawa U.S. Patent 6,743>948 ("Hosokawa '948")^ Kobori is distinguished above , 
and the Office Action did not allege that Hosokawa '948 discloses or suggests applicants' 
claimed light-emitting layer material, first dopant, and second dopant. Thus, neither Kobori noi 
Hosokawa '948 discloses all elements of applicants' claimed invention, and neither of these 
references, nor anything else in this record, discloses anything that would have suggested 
applicants' claimed invention to one of ordinary skill in the art. Further, there is no disclosure or 
teaching in either Kobori or Hosokawa '948, or otherwise in this record, that would have 
suggested the desirability of combining any portions thereof effectively to anticipate or suggest 
applicants' presently claimed invention. For all the foregoing reasons, applicants respectfidly 
request reconsideration and withdrawal of this rejection. 
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Accordingly, this application is now fiilly in condition for allowance and a notice to 
that effect is respectfully requested. The PTO is hereby authorized to charge/credit any fee 
deficiencies or ovej^jayments to Deposit Account No. 19-4293 (Order No. 28955.1050). If 
further amendments woxild place this application in even belter condition for issue, the 
Examiner is invited to call applicants* undersigned attorney at the number listed below. 

Respectfully submitted, 
STEPTOE & JOHNSON LLP 



Date: February 12, 2009 



STEPTOE & JOroJSON LLP 
1 330 Connecticut Avenue, NW 
Washington, DC 20036 
Tel: 202-429-3000 
Fax: 202-429-3902 



Roger W. Parkhurst 
Reg. No. 25,177 
C. Donald Stevens 
Reg. No. 53,638 
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Stable and highly bright white organic light-emitting diode based 
on 4,4' ,4Mrls(N-3-niethylphenyl-N-pheny l-amlno>trlpheny lamlne 

Su-Hua Vang^^ and Min©-Huang Liu 

Departmtnt xif ELictronic Engineering, National Kaohsiung Unhmiiy qf Applied SdenCiS, Kaohdmg, 
Tbfvraa K^pttbUc of China 

YarvKuin Su 

Irutiiute af inhcrui^kctwrncs and Departmem pfElfiOtric^ Engineenngf Nmi^nal ChOAg Kung Untversfiy, 
Thbtiuy, Ta^von, SU\pubtic of China 

(Received 19 Fel^niary 2006; accepted 2 August 2006; published online 27 October 2006) 

A BEoble and vejy brigb( white oiiguuc lighUenutting diode (WOLED) was ^abn'cated with the 
MTUCiurc ITO/m-MTOArA (30nin)/Nra (30 nm)/DPVBi (11 nin)/AJq3: 0076(50 mn)/LiF 
(I mn)/Al (250 ixm). White light emissioa was achieved by combining blue and orange emissions 
ooiitted fh7iii DPVBi ami Alq:i:DCJTB loyoro, xe£p6Ctively, Inserting an m-MTDATA layer between 
rrO and NPB impiwed the charge balance in the recomMnaiioit zone, improving the stability of the 
emifisioD color (»f WQLE);), msxxjmvm lumiimnce was 20 590 cd/m^ at 13 V wiih CIE 
coordinates of jr=-0.30. >=0.3l. The maxixmini povrar and oocrent efilicieiicies woce 6X)1 lm>W at 
5 V and 6.2 cd/A at 5 V, respectively. Conversdy, die WOLED widiout an xn*MrDAEA bufier 
layer exhibited unstable emiaaion diarecteristic, G 2006 American Institute of Physics. 
[DOl: 10.1063/I.2360I53J 



I INTRODUCTION 

Pople (1963) conducted pioneering research on oiganic 
clcccrolnrainesDencse (EL) in which he applied hundieds of 
volts to anthracene ciysitaJ to observe the loxnineAceace. 
However, the finding wEire of little value ai thai lifne» be* 
cause the volmge reqixircimeDt waa high and the lumines- 
eenee el&riency was low. In 1987, Tang and VanSlyke of 
Koda]( manufactuied a dmible-layef organic ligbt-emjtting 
diode (OLED) by vacuorn evaporation, with markedly im- 
proved peifonnnnce-' The performance was enhanced by ihe 
Affective dection^hole recombination, and the green eleo- 
trolvminesceni emusion which wb& confined in the diamine 
and tzi£-{8-hydroxy-qmnoilinatQ}-ali]ininium (Aiq^ inierface. 
Organic electrolumineaoaoce deivicea, especially white 
OLEDs. have attracted much actenfion because of their pcv 
(endal applieadona in full color diaplays with color filter or 
as backlights and ]llumin.anifi.^"^ They have ihe advantages 
of a short response time, a wide angle of vision, a fiimpie 
fabrication process, a lou' lun-on voltage, a high limiines^ 
ccnce efficiency, and a Uiw power dissipation/'^ Howerver. 
the siabilicy of ertti^on <;olor, and the iuminanco of White 
OLEDs (WOLEDs) muse be improved for pnctical use^ Ac- 
conlingly, ibis study piesenia the clectroltimineficence of a 
stable and very biighii WOLED based on a 4,4\ 
4"- tris(H-3-mediy Iphenyl-N-phcny l-aniino)- tripheny lam jne 
(m-MTDATA) buffer layer. The organic substances 
4.4'-bis(2»2-4iphenyI^th<^n-l-yl)-diphenyI (DPVBi). Alq^ 
and 4-(dicyanonielhylene)-2-lcrt-butyl-6.(l,l,7,7- 
mcchyljiilolid!n-4-yUvjnyl)-4H-pyran CDCTTB) were used afi 
blue, green, and red eenioing maieinalSi respectively. N, 
-di(naphthalene- 1 -yl)-N\N'-diphenyl-bcnzidine (NPB) 



'ElccCrDiuc mail: shya^ccJcuas.CCfU^ 



was U5ed as the bole-tinnspMting material. Herein. DPVBi 
emits Strong fluorescence hi tlie blue region, and has a food 
film forming capacity becauw of ics nonplanar mokcule 
stniccuie^'^ DCJTB has excellent ch^mxcal attibility and 
chrompticity, and Alqa is a prefened material Jbr making 
emitting and eleetron-tranaponuig layers*^ Additionally, 
NPB, wldch is easily synfheBized and subtimed., is exten- 
sively used as a hole-tranflporttn® uuterial. MeamtimeL chfi 
bjphenyl structure of NPB conitlbuiea to the higSi electroln- 
minescence efficiency and operalional scatKlity of the OLED. 
Moreover; the m-NfTDATA has advantages of lov^' iouiz^idon 
potential (^5.1 cV), superior hole trazsport ca|3acity, and 
low leakage cunenL'^-" Hmfore. the TTO/m-MTDATA ha- 
terjW^e can provide the trap-fcee spaceKihat^Uroited (SCL) 
curreait act the voltages u^ed in OLEDs.^^ Ttd& Investigiidon 
discusses the effect of the m-MlDAIA layer on the emission 
property of WOXJED. Finally, the variations of die stability 
of the ernission color nndtfaelnminarice of WOLED wldithe 
bias voltage were measured and analyzed. 



\l EXPERIMENTAL 

Flgoie 1 presents the chemical strucnues of oi^sanic aia> 
lerials used in thi^ invesugation for fabricating white organic 
light-enutting diode (WOLED). DPVBt» Akb and DCiTB 
were Selected as blue, green, and red emiicing nuilerials, re- 
spectively. NPB and m-MTDAXA were used asi the bok> 
ti^nspQtting and buffer layer materials, respecdvely. An JTO- 
coated givs with a resisdviQr of 15 A/ □ was t:ised as the 
starting substrate* The ITO surface was cleaned with an or- 
ganic solvent and Chen dried wim highly pm nitrogen gas. It 
was then treated with UV-ozone for 25 min. All organic ma- 
terials were sut>sequently evaporaced at a deposition rale of 
0.5-1 A/s in a high vacuum (about 10"* Toix) to present 

^ 2006 American Inafituta of Phydcs 
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DPVBl DCJTB 
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FIO. 1. aiemical 
m^lfCrDATA. 



n-MTDATA 

of XXPVBi. OOTB, A2q}» NPB» and 



atmospheric moistiure and Oxygen from pettnCAting th^ pro* 
cess chamber. The thickness of the deposited (ilm$ was 
monitored in sim ustng an oscillating quarts thklcueiia moni* 
lor* Finally* the Al cathodi^ was vapor-d^xisited omo the c^- 
ganJc film at a deposition rate of 3 ta 4 A/a in a background 
pressure of 10*^ Toir. Tlte essential stiuetme of WOlED 
was ITO/NPB (30 nni)/DPVBi (11 njn)/Alq3: DCJTB 
(50 nnO/Ii^l nm}/Al(2i!0 rnn) (Device 0- Another device 
was made with the stnictuife ITQ/m-MIDAIA (30 iiiii)/NPB 
(30 iuii)/DPVBi(ll Tim)/Alq3:DCrrB (50 Iim)/1JF (3 tun) 
/Ai (230 nin) (Device2) 10 cottipot the emisgion propttty. 
The CIE coocdinaies and BL specua of che devices were 
measured using a PR650 $peetra scan spectromecer and the 
ourient-voltas^-luQUJiesceiisce characteristics were fiisnilta- 
ncousty measured by a Keilhley 2400 programtnAhle 
voJiage-current fiotuce. All che measiuejinenis wora made ai 
room temperature in air wjch devices not being encapsulated. 

III. RESULTS AND DISCUSSION 

Figure 2 shows tb: cncrgy'lcvcl diagram of tho 
WOLED, The hiehest oanipied molecular orbital (HOMO) 
and ihe lowest unoccupii^ molecular orbital (LUMO) of 
each layer In ihc smjclure are aligned with each 

other. White emission was obtained by combining blue 
emission from DPVBi with orange emission fhnn 
Alq): DCJTB. In this situation, Alqj not only emitted its own 
green light but also partially iransfeired its excitation energy 
to DCrrfl for rzd cmiasioii. Tbcrefojc, orange emission from 
AJqaiDCJTd was achievi^ The dopant concentrations of 
Alq:i end DCITB must t;e optimized 1p yield the desired 
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nc. ^ EncDsy-levd dJaenm of the WOLfid. 

etttis&ion color. A high IXTVB conceittmxlon restjlted in low 
efficiency because of the high concenlncion quenching t&ect 
of the aggregaiion of the dopants. In this woric» optinLil o^ 
ange emi&sion was oibiained wt^n the depodtion laiio of 
Alci3 to DCrra was I1O.OL 

The devices w«ie not encapsnlaEed at die HL property 
measiuemems. I^gurt 3 plots die cunem- voltage (f-lO <^inr- 
acterisdc curves of Devieol and Device2. Tho tum-on vok- 
Bge of DBvice2 e;tceeded that of Devicel, becauise a 30 nm 
thick m-MTDATA layer was ibnned in Device^!. However, 
the m-'MTDATA buffer layer decreased the injection of holes 
from ITO to NPB. Consequendy, (he caiiier balance !;< the 
recombinaciQii zone and the st^biiiiy of me WOLBD were 
ImprDVCd.'^'^ In ccmtiaai. for the WOLED wilhom a 
m-MIDAIA layer (Device!), the accumulation of pof^itive 
space ohaiges near the TTQ contact increasea wiin voliage, 
causing dlelectdc breakdown.^^ 

Figure 4 shows tbe lumiDejSeeDce-voltage (L-V) diaiac- 
tcsrisiic schema of Devicel and Device2. The tnaximwn lu- 
minance of Devicel and Device2 were 23 09Dcdym' at 
10 V and 20590 cd/m^ at 13 V. i^p^ctively. Tlie lomines- 
oenca was higher bccatise almost all of th& fl]isctfons and 
holes lecomblned in the emission layer, even in Uie woLED 
without any blockiz^ teyer The emission co]qx« of Devicel 
and Devlce2 were also measumd Hgure 5(a) {iresents the 
GIB coordinates of Devlcel. Devicel emitted white light 
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when the applied voIiag«» 4-j9 V. Although the maxi- 
mum liiminaDce of Devkel was 23 090 cd/m^ at 10 V, the 
emission color of WOL£]D changed, and the CUE coor- 
dinates wcte shifted to je==0,42, y=0.49 al 10 V, The varia- 
tion in the Lumjimiscence color was attnbuied to (he dhift of 
the TEconifainatian zone al: vanona biases^ lesulcin^ Grom the 
difTefeace bAhvean mobility, of hole and eAeocmta 
cairieisJ* The diiTiisicn lisigth of the exdtons was typically 
directly pioportional to ilie applied volta^, the excitgns 
in ihe DPVBi layer diffliscd easily to the doped layer of 
AlqjiDCJTB afi the voltage was im^ie^d Consequently, a 
vaiiatioA in the emission cQlar was olisfirved. 

The WOLH> with an m-MTDATA layer CDevicc2> emit- 
ted Mfhite Light even at a bias voltage of 13 V, as shown in 
Fig. 5(b). The CIE coon^KnateA of I>eviee2 biaaed ai 13 V 
were x=0.30. y=0J3l. Tk'ble ] compares the electioliimines- 
cence (EL) properties of Deviccl and Device2 at vaiioiis 
voltages and electric fiel<is. White light was emitted when 
Dsvicel and D«vice2 were operated al an electric 5eld of 
0-098 X 10^ V/cm. However, when the electric field was at 
about O.IQTXICP V/cm (~10V cf Devicel), the color 
emiued by Devicel chaiitged, while Device2 cpntinuAd lo 
emit white light at that electric field sirragtb ('-l? V), al- 
though DBvice2 fartkkt d(»wn 9l a higher ele^c field, be- 
cause Joule heat waa geifkeraied. Table T Devealed that the 
stability of die white DLED was improved when an 
m-MTDATA layer was fabricated (Device2). TMt II pic- 
scnu the ClE coordLnaio, of WOtED of Devicel and De- 
vice2 at different bias voltages. The CDS coofdimite» oi De- 
vice2 Were all within iho white region, 

Dev]oe2 emitted ac 4 v. The insert in Fig. 4 plots the 
power and cncrent efficiciKies of Device^ as ftincdcms of 
applied volinge. Hie majtimum power and current efficien- 
cies were 6.01 Ira/W at .$ V and $.2 ed/A Kt S V, respec- 
tively. The high color stability and high luminescence of De- 
vicq2 were obtained by the addidon of an m-MTDATA 
buffer layer» which slowei down the transportation of holes 
to the NFB medium. The gradual decrease in efficiency was 
auributed to sin^let-heat annihilation (SHa) and singlcc- 
singlet annihilaDOn (SSA)/^ which geneiaied Joule heat and 
caused singlet-singlet meUon collisions. 
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PIO. 5. CIE coonllMfiu of (b) D«vicel. uid (b) l^ceZ for difiinerc Uai 
vohvgBA. 

Figure 6 displays the EL spectra of Dev]oe2 biasi?d at 
vaiiouB voltages. The EL intensity of the WOLEi:^ incieased 
with Che voltage, and the ratio of hlue to oiangci inlensities 
lemained virtually constant as me bias voltaise was io- 
creased The high color Stability and high lujninancc of 

TABLE L EL ptopory of DcvJccI (W<3 t>Ovioc2 ai diffctCat VOhagt* IC4 
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WOLED were rcfecned to the optimal thickntts of the or- 
ganic layerSi an ftppiropri ite ratio oP Alqj and DCTTB dop- 
ams, and lA^ioved chacgii balance In che tecombin^on zone 
when m-MTDATA was Inserted between nO and NFB lay- 
ers. The picture of che poibrxnonC^ of WOLED (DeviofiZ) ifi 
sAown in Fig. 7. 

IV. CONCUUSIONS 

A stable and very brigbc wbite-emittnig OL£D 
(WOLED) was fabriaKed with an irO/fn-MTI>ArA 
(30 nm)/NPB (30 moik/DPVBj (1 1 tuxO/Alq^iDCJIB 
(50 nm)/Ai (250 nm) BimctuiB. Alchougti the maxmnim lu- 
minance of the WOLElO without an . m-MTDATA layer 
reached 23 090cd/Tn* at. 10 V, the CHE coordinatos wore 
Shitted to x=0A2y y=M9. A highly efficiency WOLED with 
m-MTDAlA as a buffei layer insened between JTrO axid 
NPB reduced the holo izrjedion rsie from die ItO anode 10 
the NFB transporting layiir, impcoving the charge balance m 
the recombinotioii zone, sind inoreasiDB the stability and lu- 
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i?IO. 7. (Cotar) Pieniie AT die ^eimaieB or WOLED i7>evieca>. 

minance of the WOLED. A nuudnram tucoiAaiice of 
20 590 cd/m^ and CXE coordinaieft at x=030, yts03l ^^/ttc 
obtained when the bia^ voltage was at 13 V. Maximum 
power and curroni offiodeiiicie* of 6.01 hn/W 4t 5 V and 
6.2 cd/A at 5 V. respectively, were achieved. 
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